Evidence has been presented indicating that a sufficient intake of a carboxylic cation exchanger in the potassium cycle increases the stool output of sodium in absolute as well as in relative terms (1) (2) (3) (4) . Two other findings accompanying the use of this form of the resin are noteworthy: a) a significant proportion of the potassium taken with or as part of the resin can be retained in the body and b) ingestion of this particular resin does not produce acidosis. Its efficiency in removing sodium is probably not as great, however, as that of either the hydrogen or the ammonium forms of the resin, each of which interferes with potassium absorption and induces a metabolic acidosis. The first half of this paper deals with findings observed during the simultaneous administration of the two types of resin in equal proportions, i.e., potassium cycle mixed with either the hydrogen or the ammonium cycle, as well as in mixtures in which the acidifying resin predominated.
Pittsburgh, Pa.) (Submitted for publication April 23, 1951 ; accepted July 9, 1951) Evidence has been presented indicating that a sufficient intake of a carboxylic cation exchanger in the potassium cycle increases the stool output of sodium in absolute as well as in relative terms (1) (2) (3) (4) . Two other findings accompanying the use of this form of the resin are noteworthy: a) a significant proportion of the potassium taken with or as part of the resin can be retained in the body and b) ingestion of this particular resin does not produce acidosis. Its efficiency in removing sodium is probably not as great, however, as that of either the hydrogen or the ammonium forms of the resin, each of which interferes with potassium absorption and induces a metabolic acidosis. The first half of this paper deals with findings observed during the simultaneous administration of the two types of resin in equal proportions, i.e., potassium cycle mixed with either the hydrogen or the ammonium cycle, as well as in mixtures in which the acidifying resin predominated.
The second half of this report describes results obtained during the use of resin mixtures with ACTH or cortisone or both. The expanding recourse to adrenal cortical effects in the therapy of a wide variety of disease states (5-7) has further emphasized that prolonged therapy is frequently not possible because of two particularly undesirable concomitants, i.e., sodium retention and potassium depletion. It seems probable that these side effects by necessitating interruption or intermittency of treatment deprive patients of benefits which might be otherwise obtainable. The combined resin and steroid or hormone studies herein presented describe attempts at prevention or deferment of such deviations in cation metabolism.
MATERIALS AND METHODS
Equal parts of the acidifying and non-acidifying exchange resins were administered in capsules for a daily total of 24 to 60 g. to hospitalized children or adults during 16 periods three to seven days in length. Mixtures preponderating in the acidifying resin, i.e., 75 to 80% in the ammonium or hydrogen cycle, were given in eight subsequent studies in four patients. In the final group of experiments four parts of ammonium or hydrogen form resin and one part of the potassium resin were administered to patients undergoing treatment with adrenocorticotrophic hormone or cortisone. In all three groups of studies control periods were included when possible. The experimental procedures and other pertinent information have been described earlier (1, 2) . The dietary regimens employed, the results of blood and serum analyses, and the available balance data are presented in tabular form. To assist interpretation the findings have been expressed statistically wherever possible and presented in graphic form.
RESULTS
A. Relative constancy of serum and blood values during administration of resins in mixtures of equal proportion Concentrations of the various serum constituents recorded in Table I at the end of the administration of equal amounts of the hydrogen and potassium cycle resins have been compared, irrespective of the dietary regimen, with the levels present prior to this treatment and expressed as increments or decrements, prefaced by the appropriate signs. The averages of these changes are depicted in Figure 1 . It is readily evident that only slight fluctuations occurred in serum bicarbonate, chloride, sodium, potassium, calcium, phosphorus, protein, and water. Statistical comparison of the changes recorded during hydrogen-potassium resin ingestion, by means of the "t" test with a larger group of control periods described in a preceding paper, indicates that they are indistinguishable in magnitude and direction. It is clear, therefore, that in these subjects there is no evidence of the hyperchloremia and metabolic acidosis which characteristically occurred during hydrogen cycle resin therapy of equal duration (1) . It should be em- End of H resin The columns represent mean changes in serum HCO,, Cl, Na, and K in milliequivalents per liter and in serum Ca and inorganic P in milligrams % between the onset and end of control periods and of periods in which equal parts of H and K cycle resins were ingested in amounts indicated in Table I . There were no significant changes from the control values during ingestion of the resin mixture. phasized, however, that in these experiments the average intake of the hydrogen cycle cation exchanger was approximately one-half of that in the studies cited above. Similarly, though the data are limited in number, it can be seen by inspection that the resin mixtures did not produce any definite trend in the blood sugar and nonprotein nitrogen values, and that using the ammonium rather than the hydrogen cycle resin in the mixture with the potassium cycle exchanger does not detectably alter the relative constancy of the serum or blood constituents under scrutiny (Tables I and II). B. Acidosis and hyperchloremia observed in patients given 80: 20 mixtures of acidifying and non-acidifying resins
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All of the patients receiving the exchangers in the above proportions developed some measure of acidosis. This was usually associated with a proportionate increase in the serum chloride. Serum sodium, potassium, calcium, phosphorus, and protein fluctuated about the pretreatment values. If the latter were within the normal range initially, and this was true in all but patient JL, the changes during therapy were not of sufficient magnitude to reach levels which were abnormally high or low (Table II) .
C. Serum and blood constituents in patients given resin maxtures in the course of ACTH or cortisone therapy From Table III it is evident that during the simultaneous administration of ACTH or cortisone and resin mixtures the serum concentrations of bicarbonate and of chloride still decreased and increased, respectively. The findings in this limited number of observations suggest that the magnitude of the changes was somewhat less than those described earlier with the resin mixtures alone. All subjects developed hypokaliemia ranging between given. As in the earlier studies, however, the 3.4 and 3.1 meq./l. during this therapy in contrast other components of serum which were measured to the findings when ACTH or cortisone was not remained relatively constant. son of data derived from dietetically homogeneous
As in all of the earlier studies with the individual groups. This is necessary because of the demonstration that maintenance on a no-salt milk formula resins (1) there is no evidence that these several of the type which subject DY received in itself alforms of the resin in combination alter the output ters stool composition (8) . The control material of either chloride or of nitrogen per day, per unit ( Figure 2 , line 1) repeated from an earlier paper, of stool mass, or per unit of stool nitrogen. The represents therefore the average content of chlosecond line of Figure 2 expresses mathematically ride, sodium, potassium, and nitrogen to be exthe stool data in Table IV -in the 14 periods in pected in the stools of individuals receiving a subwhich the subjects received the resins in equal pro-stantial amount of sodium, whether it be in milk portions while on a full or a so-called hospital "salt-or in a diet that is or is not labelled "salt-free." It free" diet. The exclusion of the three periods in is readily evident that the hydrogen-potassium resin ments observed in the control studies. This same difference was still present in those of our patients who took comparable amounts of the resin while being treated with medications which replace or augment some of the effects of the adrenal cortex (Table VI) .
E. Balance data during the ingestion of acidifying and non-acidifying resins twithout and with hormones or steroids The information available on external exchanges is limited by the incompleteness of intake data in the studies in which equal amounts of hydrogen and potassium form resin were given but is nonetheless quite clear on the following four points (Table  VII) : a) with but one exception periods characterized by ingestion of these particular resin mixtures were also characterized by positive balances of potassium; b) in general, the retained potassium entered the cellular or, more accurately, the extrachloride space; c) the sodium balances were still positive despite resin intake in the subject receiving significant amounts of these electrolytes (DL, periods 6-9 and 9-11 in Table VII ) from dietary sources; and d) this resin mixture did not accelerate the losses of sodium, chloride, and water already evident in subject DY on essentially complete sodium restriction (Table VII) .
The next four experiments listed in Table VIII represent studies in which the smaller amounts of a potassium cycle carboxylic cation exchanger, 12 to 15 g., were added to a daily intake of 45 to 48 g. of the ammonium cycle resin. On this mixture the external balances of potassium were positive in three of the four experiments in which adequate intake data are available, even though the experimental periods were only three to seven days long. Similarly, the balances of both sodium and chloride were negative only in RT, whereas FC retained sodium without chloride.
In the final set of studies in Table IX (patients BS, BM, and JM), in which intake data are available during combined ACTH or cortisone and resin therapy, the external exchanges of potassium, sodium, and chloride followed the variable patterns observed in the 80: 20 studies in subjects not given either the hormone or the steroid, but there was a greater incidence of negative potassium and sodium balances, with all subjects losing potassium from their extracellular fluid. It will also be recalled that these patients as a group developed hypokaliemia.
DISCUSSION
It is readily evident from the above results that we can speak only of trends and implications. First, our data in general indicate that the inclusion of some potassium form resin in a resin mixture will mitigate or cancel the losses of endogenous potassium which result when either the hydro-. gen or ammonium cycle exchangers are used alone for the purpose of reducing sodium absorption. It is obvious that this effect will be observed only if the potassium present on and in the resin is replaced by another cation and thereby made available for absorption. That this does occur to a variable degree cannot be denied. It seems reasonable to suggest, moreover, that the provision of an ade-quate intake of potassium could perhaps be achieved with greater assurance simply by giving potassium salts at appropriate times during resin therapy. In addition, such an alternative would relieve the patient of some of the burden of ingesting the large amounts of resin currently necessary for the removal of clinically significant amounts of sodium (9) . Be that as it may, the trend at present seems to be toward admixtures of the potassium charged exchangers with the ammonium or hydrogen form resins (10) (11) (12) . It behooves us, therefore, to continue to examine our data on this point as critically as possible. Such scrutiny indicates that if the intake of the potassium form of the resin is achieved at the expense of the hydrogen or ammonium form, the efficiency of the mixture in augmenting stool sodium decreases. This is suggested in the comparisons of the 50: 50 and the 80: 20 mixtures. Furthermore, it should be noted that as a consequence this is a relatively inefficient way of giving potassium since a large proportion of the ingested ion reappears in the stools. This presumably reflects the greater affinity of the carboxylic exchanger for this ion as compared with sodium (13) (14) (15) (16) (17) , but it may also be a manifestation, in part at least, of the preponderance of potassium in formed stools (18) .
The above statements apply as well to the studies conducted in patients undergoing treatment with ACTH or with cortisone. It has been established in a sufficiently extensive series that these last two agents, alone or in combination, do not alter the electrolyte or nitrogen content of formed stools (19 Table IX, to cancel or retard the trends to sodium retention and to potassium deficits mediated through the renal effects of the adrenocortical steroids. It seems likely that larger proportions of potassium resin should prove more efficacious.
The serum data need but little comment. The replacement of progressively larger amounts of an acidifying form of the resin with a non-acidifying congener does of course minimize the tendency to acidosis and hypochloremia. The degree to which this proves effective will depend not on the proportion of the two resins but on the total amount of acidifying resin ingested. Hence the end effects do not represent a cancellation of the acidifying effects of certain forms of the resin.
The emphasis on prevention or mitigation of the acidosis by means of resin mixtures has several sequellae, some of which may prove undesirable. Thus we have already discussed the decreased effect on stool sodium. Also, evidence is available that the acidosis produced by the resin facilitates delivery of edema. Finally, if the acidosis and hyperchloremic effects are lost, they cannot be used to counteract (leaving aside for the moment the question of whether or not this serves any useful purpose) the opposite changes which appear in prolonged cortisone or ACTH therapy.
Finally a word of warning is in order, since under some circumstances any procedures which augment body potassium stores are contraindicated. This is particularly true in those patients with renal failure and a tendency toward potassium accumulation (20) (21) (22) . It may be predicted with assurance that such subjects would be harmed by therapy with potassium cycle exchanger, since toxic levels of this cation would be reached that much sooner. This danger of course would not be present in patients with normal or even an increased ability to excrete potassium (23) (24) (25) . From the practical point of view, however, it would be well not to use the potassium cycle exchanger in any patient with renal failure until the adequacy of the renal mechanisms for the disposal of excesses of this cation has been established.
SUMMARY AND CONCLUSIONS
Hydrogen or ammonium form carboxylic cation exchangers have been mixed with the potassium form of the resin in various proportions and administered to patients:
1. The acidosis and hyperchloremia do not appear in short-term therapy with 1: 1 mixtures in which the total dosage is 60 g. or less, and yet stool sodium is increased to some extent.
2. With 4: 1 mixtures in which the acidifying resin predominates, acidosis and hyperchloremia develop and the output of stool sodium rises well above control values. This is also true of stool potassium indicating that only part of the potassium form resin has exchanged for cations other than potassium.
3. With the addition of the potassium form resin to hydrogen or ammonium forms, the external balances of potassium are generally positive in all of the mixtures tested.
4. The effects of the resin mixtures on the composition of stools were still evident in patients receiving ACTH or cortisone.
5. The clinical utility of these particular resin mixtures in preventing or deferring the sodium retention, the potassium depletion, the hypochloremia and the alkalosis of prolonged ACTH or cortisone studies has been discussed. The danger of inducing potassium depletion during such therapy, if a sufficiently large intake of potassium is not provided, has been emphasized.
